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SEMICONDUCTOR STRUCTURE FOR DIE
CRACK DETECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 63/219,029, filed on Jul. 7, 2021, the
entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to semiconductor structures
for die crack detection.

Description of the Related Art

In conventional semiconductor processes, a cutting pro-
cess (such as laser cutting) is employed to singulate the dies
on a substrate. However, micro-cracks (e.g. hairline cracks)
may form at the edges or corners of the die, and this can
degrade the reliability of the die. Moreover, these hairline
cracks may be an extension of a main crack, so it is
important to detect such cracks. Therefore, the industry
needs a structure for detecting cracks on a die.

BRIEF SUMMARY OF THE INVENTION

A III-V semiconductor die is provided in some embodi-
ments of the present disclosure. The I1I-V semiconductor die
includes a device area and a doped semiconductor ring
region surrounding the device area. At least one active
device or passive device is formed in the device area.

A III-V semiconductor die is provided in some embodi-
ments of the present disclosure. The I1I-V semiconductor die
has a device area and a doped semiconductor ring region
surrounding the device area. The III-V semiconductor die
includes a substrate, a sub-collector layer formed on the
substrate, and a protective layer disposed on the sub-collec-
tor layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It should be noted that, in accordance
with the standard practice in the industry, various features
are not drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1A, FIG. 2A, FIG. 3A, and FIG. 4A are top views of
various stages of forming a semiconductor structure in some
embodiments of the present disclosure.

FIG. 1B, FIG. 2B, FIG. 3B, and FIG. 4B are cross-
sectional views taken along line A-A of FIG. 1A, FIG. 2A,
FIG. 3A, and FIG. 4A, respectively, in accordance with
some embodiments of the present disclosure.

FIG. 4C is a cross-sectional view taken along line B-B of
FIG. 4A, in accordance with some embodiments of the
present disclosure.

FIG. 4D is an enlarged view showing the details of the
protective structure, in accordance with some embodiments
of the present disclosure.
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FIG. 5 shows a semiconductor structure in some embodi-
ments of the present disclosure, in accordance with some
embodiments of the present disclosure.

FIG. 6 shows a semiconductor structure in some embodi-
ments of the present disclosure, in accordance with some
embodiments of the present disclosure.

FIG. 7A shows a top view of a semiconductor structure in
some embodiments of the present disclosure.

FIG. 7B is a cross-sectional view illustrated along the line
A-A in FIG. 7A, in accordance with some embodiments of
the present disclosure.

FIG. 7C is a cross-sectional view illustrated along the line
B-B in FIG. 7A, in accordance with some embodiments of
the present disclosure.

FIG. 8 shows a semiconductor structure in some embodi-
ments of the present disclosure.

FIG. 9 shows a semiconductor structure in some embodi-
ments of the present disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are in direct contact, and
may also include embodiments in which additional features
may be disposed between the first and second features, such
that the first and second features may not be in direct contact.

In addition, the present disclosure may repeat reference
numerals and/or letters in the various examples. This rep-
etition is for the purpose of simplicity and clarity and does
not in itself dictate a relationship between the various
embodiments and/or configurations discussed. Moreover,
the formation of a feature on, connected to, and/or coupled
to another feature in the present disclosure that follows may
include embodiments in which the features are in direct
contact, and may also include embodiments in which addi-
tional features may be disposed interposing the features,
such that the features may not be in direct contact. In
addition, spatially relative terms, for example, “vertical,”
“above,” “over,” “below,”, “bottom,” etc. as well as deriva-
tives thereof (e.g., “downwardly,” “upwardly,” etc.) are used
in the present disclosure for ease of description of one
feature s relationship to another feature. The spatially rela-
tive terms are intended to cover different orientations of the
device, including the features.

Use of ordinal terms such as “first”, “second”, etc., in the
claims to modify a claim element does not by itself connote
any priority, precedence, or order of one claim element over
another or the temporal order in which acts of a method are
performed, but are used merely as labels to distinguish one
claim element having a certain name from another element
having the same name (but for use of the ordinal term) to
distinguish the claim elements.

The terms “about” and “substantially” typically mean
+/=20% of the stated value, more typically +/-10% of the
stated value, more typically +/-5% of the stated value, more
typically +/-3% of the stated value, more typically +/-2% of
the stated value, more typically +/-1% of the stated value
and even more typically +/-0.5% of the stated value. The
stated value of the present disclosure is an approximate
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value. When there is no specific description, the stated value
includes the meaning of “about” or “substantially”.

A semiconductor structure (e.g. a III-V semiconductor
die) is provided in some embodiments of the present dis-
closure. The semiconductor structure includes a ring ele-
ment surrounding the active area of the semiconductor die,
which may help detecting micro-cracks (e.g. hairline cracks)
generated during the singulation of the dies, in accordance
with some embodiments of the present disclosure.

FIG. 1A, FIG. 2A, FIG. 3A, and FIG. 4A are top views of
various stages of forming a semiconductor structure 100A in
some embodiments of the present disclosure. FIG. 1B, FIG.
2B, FIG. 3B, and FIG. 4B are cross-sectional views taken
along line A-A of FIG. 1A, FIG. 2A, FIG. 3A, and FIG. 4A,
respectively, in accordance with some embodiments of the
present disclosure.

As shown in FIG. 1A and FIG. 1B, a substrate 102 is
provided in some embodiments. In some embodiments, the
substrate 102 is a semiconductor substrate. Moreover, the
substrate 102 may include III-V semiconductors such as
GaN, AlGaN, AIN, GaAs, AlGaAs, InP, InAlAs, InGaAs, or
a combination thereof. In some embodiments, the substrate
102 includes undoped GaAs. Therefore, the semiconductor
structure 100A (see FIG. 4A) may be a III-V semiconductor
die.

Next, as shown in FIG. 2A and FIG. 2B, a sub-collector
layer 104A (a first doped semiconductor layer 104A) is
formed on the substrate 102, according to some embodi-
ments of the present disclosure. In some embodiments, the
sub-collector layer 104A includes a III-V semiconductor
having a first conductivity type. In some other embodiments,
the sub-collector layer 104A includes a I1I-V semiconductor
having a second conductivity type. In some embodiments,
the second conductivity type is opposite to the first conduc-
tivity type. In some embodiments, the first conductivity type
is n-type. The sub-collector layer 104A may include I1I-V
semiconductors such as GaN, AlGaN, AIN, GaAs, AlGaAs,
InP, InAlAs, InGaAs, or a combination thereof. In some
embodiments, the sub-collector layer 104A is an n-type
GaAs layer which may be doped by Si, Se, and Te. In some
embodiments, the doping concentration of the sub-collector
layer 104A is in a range of between 1el8 cm™ and 120
cm™. With doping concentration of this order, it may be
easier to form an ohmic contact between the sub-collector
layer 104 A and subsequently formed collector electrode. If
the doping concentration of the sub-collector layer 104A is
too high, the dopant may not be activated completely and the
reliability may be worse. If the doping concentration of the
sub-collector layer 104A is too low, an ohmic contact may
not be formed between the sub-collector layer 104A and
subsequently formed collector electrode. In some embodi-
ments, the sub-collector layer 104A may have a thickness of
between 50 nm and 1500 nm. If the sub-collector layer 104A
is too thick, it may be difficult for isolation by implantation.
If the sub-collector layer 104A is too thin, the collector
resistance may increase. In some embodiments, the sub-
collector layer 104A is formed on the substrate 102 by
molecular-beam epitaxy (MBE), metalorganic chemical
vapor deposition (MOCVD), chemical vapor deposition
(CVD), hydride vapor phase epitaxy (HYPE), another suit-
able method, or a combination thereof. The sub-collector
layer 104A may be doped by in-situ doping.

As shown in FIG. 3A and FIG. 3B, a ring element 103 is
formed in the sub-collector layer 104 A, according to some
embodiments of the present disclosure. In some embodi-
ments, the ring element 103 (or called as a collector mesa
ring 103) is a conductive ring made of a doped semicon-
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ductor layer. In some embodiments, the ring element 103
includes a n-type doped semiconductor layer, a p-type doped
semiconductor layer, or a combination thereof. In some
embodiments, the doping concentration in the ring element
103 is between 1E18 cm™ and 4B19 cm™.

In some embodiments, an implantation process is per-
formed on the sub-collector layer 104A to define the ring
element 103 in the sub-collector layer 104A. In some
embodiments, boron ions (or helium ions) are implanted into
some regions of the n-type doped sub-collector layer 104 A.
For example, the implantation may be performed in some
regions of an area 203 and an area 204 to define insulating
regions in the sub-collector layer 104A. In some embodi-
ments, an area 201 is surrounded by the area 204, an area
202 is between the area 203 and the area 204, and no
implantation is performed in the area 201 and the area 202.
In some embodiments, at least one region of the sub-
collector layer 104 A that is not implanted with boron ions
can serve as the ring element 103, such as the sub-collector
layer 104A in the area 202. In some embodiments, another
implantation process may be performed to adjust the con-
ductivity of the ring element 103. In some embodiments, the
ring element 103 may be referred to as a collector mesa ring
(CMESA ring). Therefore, the ring element 103 may have a
different electrical conductivity than other portions of the
sub-collector layer 104A. For example, it may have better
electrical conductivity than other portions of the sub-collec-
tor layer 104A in the area 203 or the area 204. Therefore, the
ring element 103 may act as a conductive region and can be
used to detect the die crack.

In some embodiments, as shown in FIG. 3A, the ring
element 103 includes protruding portions 103C and 103D.
In some embodiments, the protruding portion 103C is con-
nected to a first pad (such as the conductive pad 205A shown
in FIG. 4A), and the protruding portion 103D is connected
to a second pad (such as the conductive pad 205B shown in
FIG. 4A) through conductive features (such as vias and/or
conductive layers) formed in subsequent processes.

In some embodiments, active devices and/or passive
devices are formed in the area 201. Therefore, the area 201
may serve as a device area. The active device may include
a heterojunction bipolar transistor (HBT), a high electron
mobility transistor (HEMT), other applicable semiconductor
devices, or a combination thereof. The passive device may
include a capacitor, a resistor, an inductor, a filter, a PIN
diode, other applicable device, or a combination thereof.

In some embodiments, the sub-collector layer 104A in the
area 201 may serve as a sub-collector layer of an HBT in the
device area 201. In some embodiments, the area 202 may be
surrounded by the area 203 and formed between the area 203
and the area 204.

Next, as shown in FIG. 4A and FIG. 4B, a protective
structure 105 (or protective layer) is disposed on the sub-
collector layer 104 A and in the area 201, in accordance with
some embodiments of the present disclosure. In some
embodiments, the protective structure 105 may be used for
protecting the elements in the area 201. Afterwards, a
conductive pad 205A and a conductive pad 205B are formed
on the protective structure 105 and in the area 201 to form
the semiconductor structure 100A, in accordance with some
embodiments of the present disclosure. In some embodi-
ments, the conductive pad 205A is electrically connected to
the ring element 103 by a first conductive feature formed
between the ring element 103 and the conductive pad 205A,
and the conductive pad 205B is electrically connected to the
ring element 103 by a second conductive feature formed
between the ring element 103 and the conductive pad 205B.
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In some embodiments, the conductive features include vias
in the protective structure 105. In some embodiments, the
vias are in direct contact with the ring element 103 and the
conductive pad 205A and the conductive pad 205B. In some
embodiments, conductive layers are further provided in the
protective structure 105, and the conductive pad 205A and
the conductive pad 205B are electrically connected to the
ring element 103 by the vias and the conductive layers.

FIG. 4C is a cross-sectional view taken along line B-B of
FIG. 4A, in accordance with some embodiments of the
present disclosure. In some embodiments, as shown in FIG.
4C, the conductive pad 205A is electrically connected to the
protruding portion 103C through a first conductive feature
(e.g., via) 206A. In some embodiments, the conductive pad
205B is electrically connected to the protruding portion
103D through a second conductive feature (e.g., via) 206B.
In some embodiments, the first conductive feature 206A and
the second conductive feature 206B are right under the
conductive pad 205A and the conductive pad 205B, respec-
tively. In some embodiments, the first conductive feature
206A and the second conductive feature 206B are right
above the protruding portions 103C and 103D, respectively.
In some embodiments, the first conductive feature 206A and
the second 206B are disposed in the protective structure 105,
such as by a lithography process (e.g., coating the resist, soft
baking, exposure, post-exposure baking, developing, other
applicable processes, or a combination thereof), an etching
process (e.g., wet etching process, dry etching process, other
applicable processes, or a combination thereof), other appli-
cable processes, or a combination thereof. In some embodi-
ments, the first conductive feature 206A and the second
conductive feature 206B include a combination of vias and
conductive layers.

FIG. 4D is an enlarged view showing the details of the
protective structure 105, in accordance with some embodi-
ments of the present disclosure. In some embodiments, the
protective structure 105 may include a first dielectric layer
105A, a second dielectric layer 105B, a third dielectric layer
105C, and a fourth dielectric layer 105D. In some embodi-
ments, the first dielectric layer 105A is disposed on the
sub-collector layer 104A, the second dielectric layer 105B is
disposed on the first dielectric layer 105A, and the third
dielectric layer 105C is disposed on the second dielectric
layer 105B and covering a sidewall 105S1 of the first
dielectric layer 105A and a sidewall 105S2 of the second
dielectric layer 105B. In some embodiments, the third
dielectric layer 105C is in contact with the sub-collector
layer 104A. In some embodiments, the fourth dielectric
layer 105D is disposed on the third dielectric layer 105C,
and a stepped interface 105S5 is formed between the third
dielectric layer 105C and the fourth dielectric layer 105D. In
some embodiments, vias and conductive layers (not shown)
may be provided between the first dielectric layer 105A, the
second dielectric layer 105B, the third dielectric layer 105C,
and/or the fourth dielectric layer 105D to provide electrical
connection between the ring element 103 and the conductive
pad 205A and the conductive pad 205B.

In some embodiments, the protective structure 105 may
include SiN, (x may be between 1 and 3, and specifically
SiN, SizN,, Si,N; or a combination thereof), SiO,, SiON,
Al,O,, AN, polyimide (PI), benzocyclobutene (BCB), or
polybenzoxazole (PBO), other insulating materials, or a
combination thereof. For example, the first dielectric layer
105A, the second dielectric layer 105B, the third dielectric
layer 105C may include SiN, and the fourth dielectric layer
105D may include PBO. The protective structure 105 may
be formed by metalorganic chemical vapor deposition
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6
(MOCVD), chemical vapor deposition (CVD), spin-coating,
another suitable method, or a combination thereof.

In some embodiments, the ring element 103 may be
separated as a first portion 103A and a second portion 103B
between the conductive pad 205A and the conductive pad
205B. In some embodiments, the first portion 103A and the
second portion 103B are electrically connected to the con-
ductive pad 205A and the conductive pad 205B in parallel.
In some embodiments, the first portion 103A has an elec-
trical resistance R1, and the second portion 103B has an
electrical resistance R2. In some embodiments, the lengths
of the first portion 103A and the second portion 103B may
be substantially identical, but the present disclosure is not
limited thereto. In some embodiments, the conductive pad
205A and the conductive pad 205B may be positioned at
diagonal angles of the area 201 of the semiconductor struc-
ture 100A, so the lengths of the first portion 103A and the
second portion 103B as well as the electrical resistances R1
and R2 may be substantially identical, but the present
disclosure is not limited thereto.

In some embodiments, a total electrical resistance RT1
between the conductive pad 205A and the conductive pad
205B may be calculated by the following equation:

111
ROI-RL TR

If any crack form at the edge of the semiconductor structure
100A, when the crack propagates to the ring element 103,
such as propagates to the second portion 103B, the second
portion 103B will be no longer conductive, so that the total
electrical resistance RT2 between the conductive pad 205A
and the conductive pad 205B at this moment may be
presented as:

RT2=RI

Even if the crack does not propagate through the entire ring
element 103, the total electrical resistance will still be
affected since the electrical resistance of the first portion
103A or the second portion 103B will be changed by the
crack. Therefore, whether any crack exists may be deter-
mined by measuring the electrical resistance between the
conductive pad 205A and the conductive pad 205B.

In some embodiments, the ring element 103 (or the area
202) has a width of W1. In some embodiments, the width
W1 is between 2 pm and 10 pm (e.g., 5 pm). In some
embodiments, the distance D1 between the edge 101 of the
semiconductor structure 100A and the edge 103E1 of the
ring element 103 is between 5 pm and 20 um (e.g., 10 pm).
In some embodiments, the ratio of W1 to D1 is between 0.1
and 2. The width W1 and the distance D1 may be adjusted
to improve the die’s crack detection sensitivity.

In some embodiments, the edge 10551 of the first dielec-
tric layer 105A is aligned with the edge 10552 of the second
dielectric layer 105B. In some embodiments, the edge 10553
of the third dielectric layer 105C is aligned with the edge
10554 of the fourth dielectric layer 105D. In some embodi-
ments, the distance D2 between edge 10554 and edge 10552
is between 0.5 pm and 1.5 pm (e.g., 1 pum). In some
embodiments, edge 10551 may be aligned with the edge
103E2 of the ring element 103. In some embodiments, the
width D2 of the stepped interface between the third dielec-
tric layer 105C and the fourth dielectric layer 105D may be
less than the width W1 of the area 202.

FIG. 5 shows a semiconductor structure 100B in some
embodiments of the present disclosure. As shown in FIG. 5,
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the position of the ring element 103 may be adjusted, such
as being partially covered by the protective structure 105.
For example, a portion of the ring element 103 is under and
covered by the protective structure 105, and another portion
of the ring element 103 is exposed from the protective
structure, so as to prevent the ring element 103 from damage
during the manufacturing processes (e.g., an etching pro-
cess).

In some embodiments, the width W1 is between 2 pm and
10 um (e.g., 5 um). In some embodiments, the distance D1
between the edge 101 of the semiconductor structure 100A
and the edge 103E1 of the ring element 103 is between 5 um
and 20 um (e.g., 10 pm). In some embodiments, the ratio of
W1 to D1 may be between 0.1 and 2. The width W1 and the
distance D1 may be adjusted to improve the die’s crack
detection sensitivity. In some embodiments, the distance D2
between edge 10554 and edge 105S2 is between 0.5 pm and
1.5 um (e.g., 1 um). In some embodiments, the distance D3
between edge 10554 and edge 103E1 is between 1 um and
9 um (e.g., 4 um). In some embodiments, the ratio of W1 to
D3 is between 1 and 10. The width W1 and the distance D3
may be adjusted to improve the reliability of the die.

FIG. 6 shows a semiconductor structure 100C in some
embodiments of the present disclosure. As shown in FIG. 6,
the position of the ring element 103 may be further adjusted,
such as being fully covered by the protective structure 105.
Therefore, the ring element 103 may be prevented from
damage during the manufacturing processes (e.g., an etching
process). In some embodiments, the edge 103E1 may be
aligned with the edge 10552 facing the ring element 103, but
the present disclosure is not limited thereto. In some
embodiments, the width W1 is between 2 um and 10 um
(e.g., 5 um). In some embodiments, the distance D1 between
the edge 101 of the semiconductor structure 100A and the
edge 103E1 of the ring element 103 is between 5 um and 30
um (e.g., 15 um). In some embodiments, the ratio of W1 to
D1 may be between 1/15 and 2.

FIG. 7A is a top view of a semiconductor structure 100D
in some embodiments of the present disclosure. FIG. 7B is
a cross-sectional view illustrated along the line A-A in FIG.
7A, in accordance with some embodiments of the present
disclosure. FIG. 7C is a cross-sectional view illustrated
along the line B-B in FIG. 7A, in accordance with some
embodiments of the present disclosure. As shown in FIG.
7A, FIG. 7B, and FIG. 7C, the position of the ring element
103 may be further adjusted, such as being fully covered by
the protective structure 105, and the edge 103E1 may be
spaced apart from the edge 105S2. Therefore, the ring
element 103 may be further prevented from damage during
the manufacturing processes (e.g., an etching process). In
some embodiments, the conductive pad 205A and the con-
ductive pad 205B are electrically connected to the ring
element 103 through a first conductive feature (e.g., via)
206A and a second conductive feature (e.g., via) 206B,
respectively. In some embodiments, the first conductive
feature 206A and the second conductive feature 206B are
right under the conductive pad 205A and the conductive pad
205B, respectively. In some embodiments, the first conduc-
tive feature 206A and the second conductive feature 206B
are right above the ring element 103. In some embodiments,
the first conductive feature 206 A and the second conductive
feature 206B are formed in the protective structure 105 by
a lithography process, an etching process, other applicable
processes, or a combination thereof.

FIG. 8 shows a semiconductor structure 100E in some
embodiments of the present disclosure. As shown in FIG. 8,
a base mesa ring 109 is provided on the ring element 103,
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in accordance with some embodiments of the present dis-
closure. In some embodiments, the base mesa ring 109 may
include an etch stop layer 106 A, a sub-collector layer 104B,
a collector layer 108, and a base layer 110. By providing the
base mesa ring 109 on the ring element 103, the ring element
103 may be protected, and the crack detection sensitivity
may be further enhanced.

In some embodiments, the etch stop layer 106A includes
InGaP, InGaAs, GaAsP, AlGaAs, InAlAs, GaSb or a com-
bination thereof. In some embodiments, the etch stop layer
106 A has a doping concentration in the same order with the
doping concentration of the sub-collector layer 104A. In
these embodiments, the doping concentration of the etch
stop layer 106A is in a range of between 1e18 cm™ to 1€20
cm™>. If the doping concentration of the etch stop layer 106 A
is too high, the dopant may not be activated completely and
the reliability may be worse. If the doping concentration of
the etch stop layer 106A is too low, the collector resistance
may increase. In some embodiments, the etch stop layer
106 A may have a thickness of between 5 nm and 200 nm.
If the etch stop layer 106A is too thick, the collector
resistance may increase. If the etch stop layer 106A is too
thin, it may not be sufficient to make subsequent etching
process stop. The etch stop layer 106 A may be formed by
molecular-beam epitaxy (MBE), metalorganic chemical
vapor deposition (MOCVD), chemical vapor deposition
(CVD), hydride vapor phase epitaxy (HYPE), another suit-
able method, or a combination thereof. The etch stop layer
106 A may be doped by in-situ doping.

In some embodiments, the sub-collector layer 104A may
be referred to as a lower sub-collector layer 104A, and the
sub-collector layer 104B may be referred to as a upper
sub-collector layer 104B. In some embodiments, the sub-
collector layer 104B has a thickness of between 50 nm and
1500 nm. In some embodiments, the thickness of the sub-
collector layer 104B and the thickness of the bottom sub-
collector layer 104A are substantially the same. In some
embodiments, the doping concentration of the sub-collector
layer 104B is in a range of between 1e18 cm™ to 1e20 cm ™.
Materials and processes used to form the sub-collector layer
104B may be similar to, or the same as, those used to form
the sub-collector layer 104A described previously and are
not repeated herein for brevity.

In some embodiments, the collector layer 108 includes a
II-V semiconductor having a first conductivity type. The
collector layer 108 may include III-V semiconductors such
as GaN, AlGaN, AIN, GaAs, AlGaAs, InP, InAlAs, InGaAs,
GaSb, or a combination thereof. In some embodiments, the
collector layer 108 is an n-type GaAs layer. The collector
layer 108 may be formed by molecular-beam epitaxy
(MBE), metalorganic chemical vapor deposition (MOCVD),
chemical vapor deposition (CVD), hydride vapor phase
epitaxy (HYPE), another suitable method, or a combination
thereof. In some embodiments, the doping concentration of
the collector layer 108 is more than 0 cm™, and equal to or
less than 1el8 cm™. The collector layer 108 may be a
multi-layer structure with different doping concentration.

In some embodiments, the base layer 110 includes a I1I-V
semiconductor having a second conductivity type. The base
layer 110 may include III-V semiconductors such as GaN,
AlGaN, AIN, GaAs, AlGaAs, InP, InAlAs, InGaAs, GaSb or
a combination thereof. In some embodiments, the base layer
110 is a highly doped p-type GaAs layer which may be
doped by C, Mg, Zn, Ca, Be, Sr, Ba, and Ra. The doping
concentration of the base layer 110 may be in a range of
between 1el18 cm™ to 1e20 cm™>. The base layer 110 may
be formed by molecular-beam epitaxy (MBE), metalorganic
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chemical vapor deposition (MOCVD), chemical vapor
deposition (CVD), hydride vapor phase epitaxy (HYPE),
another suitable method, or a combination thereof.

In some embodiments, active devices (e.g. heterojunction
bipolar transistor (HBT), high electron mobility transistor
(HEMT), or a combination thereof) may be provided in the
area 201. For example, FIG. 9 shows a semiconductor
structure 100F in some embodiments of the present disclo-
sure. As shown in FIG. 9, a heterojunction bipolar transistor
130 is formed in the area 201, in accordance with some
embodiments of the present disclosure. It should be noted
that the protective structure 105 is shown as a single layer in
FIG. 9 for simplicity, in accordance with some embodiments
of the present disclosure. In some embodiments, the etch
stop layer 106 A, the sub-collector layer 104B, the collector
layer 108, and the base layer 110 may be formed in the base
mesa ring 109 and the heterojunction bipolar transistor 130
at the same time. A detailed description of the materials and
the process of these elements is not repeated herein.

In some embodiments, the heterojunction bipolar transis-
tor 130 further includes an emitter layer 112 formed on the
base layer 110. In some embodiments, the emitter layer 112
includes a III-V semiconductor having a first conductivity
type. The emitter layer 112 may include III-V semiconduc-
tors such as GaN, AlGaN, AIN, GaAs, AlGaAs, InP, InAlAs,
InGaAs, or a combination thereof. In some embodiments,
the emitter layer 112 is an n-type InGaP layer. The emitter
layer 112 may be a multi-layer structure. In some embodi-
ments, the emitter layer 112 includes an n-type InGaP layer
at the bottom and an n-type GaAs layer at the top (not
shown.) In some embodiments, the material of the emitter
layer 112 and the material of the base layer 110 are different
materials with different band gaps. Therefore, a heterojunc-
tion may be formed at the interface between the emitter layer
112 and the base layer 110. The emitter layer 112 may be
formed by molecular-beam epitaxy (MBE), metalorganic
chemical vapor deposition (MOCVD), chemical vapor
deposition (CVD), hydride vapor phase epitaxy (HYPE),
another suitable method, or a combination thereof.

In some embodiments, the heterojunction bipolar transis-
tor 130 may further include an emitter cap layer 114 formed
on the emitter layer 112. In some embodiments, the emitter
cap layer 114 includes a I1I-V semiconductor having a first
conductivity type. The emitter cap layer 114 may include
III-V semiconductors such as GaN, AlGaN, AIN, GaAs,
AlGaAs, InP, InAlAs, InGaAs, or a combination thereof. In
some embodiments, the emitter cap layer 114 is a highly
doped n-type InGaAs layer which may help to form ohmic
contact between the emitter cap layer 114 and the subse-
quently formed emitter electrode. The emitter cap layer 114
may be formed by molecular-beam epitaxy (MBE), meta-
lorganic chemical vapor deposition (MOCVD), chemical
vapor deposition (CVD), hydride vapor phase epitaxy
(HYPE), another suitable method, or a combination thereof.

In some embodiments, the heterojunction bipolar transis-
tor 130 may further include an emitter electrode 116 formed
on the emitter cap layer 114. The emitter electrode 116 may
include Ti, Al, Au, Pd, Pt, Cu, W, other suitable metal, its
alloy, or a combination thereof. An emitter electrode mate-
rial may be formed on the emitter cap layer 114 first by
electroplating, sputtering, resistive heating evaporation,
physical vapor deposition (PVD), chemical vapor deposition
(CVD), atomic layer deposition (ALD), another suitable
method, or a combination thereof. In some embodiments,
the electrode material is then patterned by a photolithogra-
phy and an etching process, and the emitter electrode 116 is
formed.
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In some embodiments, the heterojunction bipolar transis-
tor 130 may further include a base electrode 118 formed on
the base layer 110. In some embodiments, the processes and
materials for forming the base electrode 118 may be the
same as, or similar to, those used to form the emitter
electrode 116. For the purpose of brevity, the descriptions of
these processes and materials are not repeated herein.

In some embodiments, the heterojunction bipolar transis-
tor 130 may further include collector electrodes 124 formed
on and electrically connected to the sub-collector layer
104B. The collector electrodes 124 may include conductive
material such as Ti, Al, Au, Pd, Pt, Cu, W, other suitable
metal, its alloy, or a combination thereof. The processes for
forming the collector electrodes 124 may be the same as, or
similar to, those used to form the emitter electrode 116. For
the purpose of brevity, the descriptions of these processes
are not repeated herein. In some embodiments, the protec-
tive structure 105 covers the heterojunction bipolar transis-
tor 130, and the collector electrodes 124 may be partially
exposed from the protective structure 105.

In some embodiments, the sub-collector layer 104 A under
the heterojunction bipolar transistor 130 may be called as a
collector mesa, and the etch stop layer 106A, the sub-
collector layer 104B, the collector layer 108, and the base
layer 110 of the heterojunction bipolar transistor 130 may be
called as a base mesa. In some embodiments, at least a
portion of the area 202 (e.g. the ring element 103) and the
collector mesa are formed in the sub-collector layer 104A.
In some embodiments, the ring element 103 may be referred
to as a lower portion of the area 202, the base mesa ring 109
may be referred to as an upper portion of the area 202, and
the collector mesa and the lower portion of the area 202 are
formed in the sub-collector layer 104A. In some embodi-
ments, the base mesa and the upper portion of the area 202
are formed in identical semiconductor layers (e.g. the etch
stop layer 106 A, the sub-collector layer 104B, the collector
layer 108, and the base layer 110) disposed on the sub-
collector layer 104A.

In summary, a III-V semiconductor die is provided in
some embodiments of the present disclosure. The III-V
semiconductor die includes a device area and a doped
semiconductor ring region surrounding the device area. At
least one active device is formed in the device area. There-
fore, crack formed at the edges of the semiconductor die
may be easily detected

Although embodiments of the present disclosure and their
advantages have been described in detail, it should be
understood that various changes, substitutions and altera-
tions can be made herein without departing from the spirit
and scope of the disclosure as defined by the appended
claims. Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, and composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be devel-
oped, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope of such processes,
machines, manufacture, and compositions of matter, means,
methods, or steps. In addition, each claim constitutes a
separate embodiment, and the combination of various claims
and embodiments are within the scope of the disclosure.
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What is claimed is:

1. A III-V semiconductor die, comprising:

a device area, wherein at least one active device or at least
one passive device is formed in the device area; and

a doped semiconductor ring region surrounding the device
area, wherein the doped semiconductor ring region has
a first width, there is a first distance between an edge of
the doped semiconductor ring region and an edge of the
II1I-V semiconductor die, and a ratio of the first width to
the first distance is between Y1s and 2.

2. The III-V semiconductor die as claimed in claim 1,
wherein the at least one active device comprises a hetero-
junction bipolar transistor (HBT), a high electron mobility
transistor (HEMT), or a combination thereof.

3. The III-V semiconductor die as claimed in claim 1,
further comprising:

a pair of conductive pads electrically connected to the

doped semiconductor ring region.

4. The III-V semiconductor die as claimed in claim 3,
wherein the conductive pads are formed at respective diago-
nal angles of the III-V semiconductor die.

5. The III-V semiconductor die as claimed in claim 3,
wherein the doped semiconductor ring region comprises a
first portion and a second portion electrically connected in
parallel to the conductive pads.

6. A I1I-V semiconductor die with a device area and a
doped semiconductor ring region surrounding the device
area, comprising:

a substrate;

a sub-collector layer formed on the substrate, wherein the
sub-collector layer comprises an insulating region,
wherein the insulating region has a different electrical
conductivity than the doped semiconductor ring region;
and

a protective layer disposed on the sub-collector layer.

7. The III-V semiconductor die as claimed in claim 6,
wherein a heterojunction bipolar transistor (HBT) is formed
in the device area and the heterojunction bipolar transistor
comprises:

a collector mesa and a base mesa formed on the collector

mesa.

8. The III-V semiconductor die as claimed in claim 7,
wherein at least a portion of the doped semiconductor ring
region and the collector mesa are formed in the sub-collector
layer.
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9. The III-V semiconductor die as claimed in claim 7,
wherein the doped semiconductor ring region comprises a
lower portion and an upper portion on the lower portion, and
the collector mesa and the lower portion of the doped
semiconductor ring region are formed in the sub-collector
layer.

10. The III-V semiconductor die as claimed in claim 9,
wherein the base mesa and the upper portion of the doped
semiconductor ring region are formed in a semiconductor
layer disposed on the sub-collector layer.

11. The III-V semiconductor die as claimed in claim 6,
wherein the doped semiconductor ring region is formed
between isolation regions of the III-V semiconductor die.

12. The semiconductor structure as claimed in claim 6,
wherein the protective layer comprises:

a first dielectric layer disposed on the sub-collector layer;

a second dielectric layer disposed on the first dielectric

layer; and

a third dielectric layer disposed on the second dielectric

layer and covering a sidewall of the first dielectric layer
and a sidewall of the second dielectric layer.

13. The semiconductor structure as claimed in claim 12,
wherein the protective layer further comprises a fourth
dielectric layer disposed on the third dielectric layer, and a
stepped interface is formed between the third dielectric layer
and the fourth dielectric layer.

14. The semiconductor structure as claimed in claim 13,
wherein a width of the stepped interface is less than a width
of the doped semiconductor ring region.

15. The semiconductor structure as claimed in claim 12,
wherein the third dielectric layer is in contact with the
sub-collector layer.

16. The semiconductor structure as claimed in claim 6,
wherein an edge of the doped semiconductor ring region is
aligned with an edge of the protective layer.

17. The semiconductor structure as claimed in claim 6,
wherein the doped semiconductor ring region is partially
covered by the protective layer.

18. The semiconductor structure as claimed in claim 6,
wherein the doped semiconductor ring region is fully cov-
ered by the protective layer.
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